Southeast Asia is one of the most dynamic regions in the world in terms of economic growth and urbanization. At the same time, the region is also prone to multiple hydro-meteorological disasters, which are projected to be intensified by climate change. This paper analyzes the combined effect of economic development and climate change on the future water security of middle-income Southeast Asian countries using the double exposure framework, focusing on the effects in urban areas. A review of the existing literature reveals unequal water security outcomes across the region as a result of combined climate, economic, and urbanization pressures. The water supply and sanitation infrastructure of upper-middle-income Southeast Asian countries are vulnerable to damage from intensified disasters, potentially decreasing both immediate and longer-term water quality. In lower-middle-income countries, the water quality will be the more important water security challenge in the short-term as opposed to water quantity, mainly due to the fast growth of industries. Lower-middle-income countries, though less vulnerable to disasters, will still have lower future water security compared to upper-middle-income countries, as they have less capacity to address water quality and quantity challenges brought about by both industrial growth and urbanization. Across the region, future water quantity and quality challenges may result in slower economic and urban growth if not planned adequately.
Introduction

Background
Southeast Asia is one of the fastest-growing regions in the world in terms of both economy and population, with urbanization expected to continue at a high pace in the coming years [1] . Hydro-meteorological disasters, such as floods and cyclones are prevalent in this region, which is naturally disaster-prone [2] . Climate change is projected to intensify these disasters and cause changes in precipitation patterns further, both of which will further add to water stress. At the same time, Southeast Asia is industrializing, with industry and service playing an increasingly important role in the region's economies as compared to agriculture, and some countries have set targets of becoming developed countries within 30 years [3, 4] .
Both climate change and future development will certainly impact future water security in the region. Water security is defined by the United Nations (UN) as "The capacity of a population to safeguard sustainable access to adequate quantities of and acceptable quality water for sustaining livelihoods, human well-being, and socio-economic development, for ensuring the protection against water-borne pollution and water-related disasters, and for preserving ecosystems in a climate of peace and political stability" [5] . Although the impact of climate change on water security in the region has been covered extensively [6] [7] [8] , the impact of future economic development on water security has not been explored in as much detail. Economic water security in the region has been measured as the productivity of economic sectors as compared to their water use through the National Water Security Index [9] . This index, however, does not address the variation in the quantity and quality of water inputs needed to sustain the economic growth of different countries, nor how the wastewater output of different economic sectors can affect water quality. As the economies of countries across the region are composed of different types of industries and services, their water input needs and wastewater outputs will also vary accordingly, with some economic sectors and industry types considered as more polluting than others. The water security implications of increasing urbanization across the region have also been discussed, but have not been placed in the greater context of economic development [9, 10] . As water security in Southeast Asia is affected by the simultaneous impacts of both climate change and economic development, there is a need to understand the probable water security outcomes and changes in the context that may arise from the combination of the two phenomena.
The combined effect of climate change and economic development on water security will be analyzed in this paper using the double exposure framework, which is used to examine the interactions between global environmental change and globalization [11] . Specifically, this paper will focus on outcome double exposure, studying how the combination of environmental and global change phenomena can exacerbate existing inequalities across the region, and context double exposure, where the combination of the two phenomena can increase vulnerability to different shocks and stresses. The inclusion of multiple stressors, particularly socio-economic factors, in long-term government planning is needed to ensure effective future climate adaptation and sustainable urban futures [12] . The messages of the double exposure framework have been incorporated in water security analyses at different scales and in different contexts, such as the construction of an index identifying specific groups vulnerable to both climate change and water conflict in Chad [13] , and in studies examining water governance in the USA [14] , as well as in India [15] . In Southeast Asia specifically, the double exposure framework has been mostly used in single countries at the household and community scale, for example, examining seasonal water insecurity [16] and the vulnerability of coastal communities to multiple stressors [17] . The futures of selected coastal megacities in the region have also been compared using the double exposure framework [18] . However, to the best of the authors' knowledge, this framework has not yet been applied in a broad cross-country analysis throughout the region.
Methods
This article applies the double exposure framework to middle-income countries in Southeast Asia as defined by the World Bank [19] through the analysis of existing literature and broad socio-economic data. This paper draws on both peer-reviewed studies and grey literature sources. The major types of literature reviewed include (a) economic reports from regional and international development agencies; (b) reports on climate change and water resources from the same agencies as (a); (c) socio-economic factbooks and databases published by national, regional, and international agencies; and (d) peer-reviewed journals. The primary database consulted for the peer-reviewed studies was the Web of Science, accompanied by hand-searching of relevant studies on Google Scholar. The authors conducted a search of grey literature through three methods: a keyword search using both the Web of Science and the Google search engine, searching the reference list of relevant peer-reviewed articles, and searching for published reports from key international development agencies that conduct research in the field of water security, climate change, and economic development throughout Southeast Asia. The three main development agencies doing work in the region that touched on one or multiple of these fields, as identified by the authors, were the World Bank, Asian Development Bank, and UN-Water. The authors did not enforce strict dates of coverage during their literature search, but focused on studies from 2000 until the present, particularly those conducted in the last decade.
In this paper, both climate and economic development trends resulting from globalization and their impacts on water security on the region as a whole will first be discussed separately, after which the impacts resulting from their combination will be analyzed in terms of outcome and context double exposure. This article will focus on the "sustaining livelihoods, human well-being, and socio-economic development" aspects of water security. Through a qualitative cross-country comparative analysis of past trends and future outlooks in the realms of climate change and economic development across Southeast Asia, this review ultimately aims to identify the areas in the region which are most likely to experience the strongest water security stress in the future and discuss the reasons leading to this future stress. Both climate change and socio-economic development stresses should be analyzed in order to adequately plan for not only climate change adaptation, but also for sustainable future urban growth.
Review of Water Security Drivers across Southeast Asia
Trends and Outlook on Economic Growth
Out of the Southeast Asian countries, Cambodia, Lao PDR, Myanmar, Indonesia, the Philippines, and Vietnam are considered lower-middle (LM) income countries, while Thailand and Malaysia are considered upper-middle (UM) income countries [19] . The economies of the first three countries, were upgraded to a lower-middle-income designation from low income during the past decade, namely 2016 for Cambodia [20] , 2011 for Lao People's Democratic Republic [21] , and 2015 for Myanmar [22] , while the other countries' economies are considered more established. Throughout this paper, Cambodia, Lao PDR, and Myanmar will be collectively referred to as LM, with the remaining countries of Indonesia, the Philippines, Vietnam, Malaysia, and Thailand referred to as UM.
Over the period of 2010-2018, agriculture as a percentage of GDP declined while services as a percentage of GDP rose in all middle income Southeast Asian countries considered save for Lao PDR (Table 1 ). Since 2010, LM countries are experiencing fast growth in both services (Services refers to categories G-U as defined by the United Nations 23, some of which are wholesale and retail trade, transportation and storage, food and accommodation, information and communication, financial and insurance, real estate, professional, scientific, and technical activities, etc.) and industry (Industry refers to categories B-F defined by the United Nations [23] , namely mining and quarrying, manufacturing, electricity, gas, steam, and air-conditioning supply, water supply, water management, and remediation activities, and construction) ( Table 1) , while the economic expansion of UM countries is mostly in the services sector. The economies of countries in LM and UM countries differ in terms of the growth of industry, as the former group generally registered an increase in the percentage of industry and manufacturing (save for Lao PDR) as part of their Gross Domestic Product(GDP), while the share of industry in the GDP of UM countries declined while that of services increased. The extractive industries of timber and mining are high-value industries in both Lao PDR and Myanmar, whereas in UM countries, although extractive industries still play a role, their economies are more diversified in terms of the type of goods that are produced (Table 2) .
Similarly, the service economies of UM countries are more diversified than in LM, with the notable inclusion of financial services. Tourism, including hotels and restaurants, is a major service industry across Southeast Asia that is expanding rapidly in LM countries, with tourist arrivals growing by 148-297% during the period of 2007-2016, while in UM countries the percentage growth rates of tourist arrivals range from 32-141% for the same time period [25] . Similar to the industrial sector, tourism is much more established in UM countries as compared to LM, considered as a major service industry in three out of the five countries of UM ( Table 2 ). The average annual tourist arrivals for UM are over 17 million, more than four times the average of LM, which is 4 million. [30] ; f [31] ; g [32] ; h [4, 33] .
LM's economies are forecast to be the fastest-growing in the region in the medium term of 2019-2023, with projected average annual GDP growth ranging from 6.9-7.0, while that of the other five countries in UM ranges from 3.7 to 6.6 [34] . Labor-intensive manufacturing is expected to progress in Southeast Asia in the medium term due to low labor costs, as well as the manufacturing sector in China, moving to more high-value output [35] . The continued economic growth will also mean that Southeast Asian countries will have to continually diversify their production and produce more complex goods and services [36] . Although the potential for mining expansion remains high in LM countries, it is more likely that the future focus of these countries will be on the development of their manufacturing and services sectors, which can be integrated with the supply chains of other, more developed Asian countries [37] .
Impact of Economic Growth on Water Security
Overall, the current highest value industries in LM countries do not require high-quality water, but a majority are water-intensive (Table A1 in Appendix A). In LM countries, sedimentation and high biological oxygen demand (BOD) and chemical oxygen demand (COD) are the most common typical wastewater outputs based on the highest-value industries and the industries that contribute the most to water pollution, along with heavy metals, nitrogen, sulfates, and acidic water (Table A1 ). In UM, the majority of top industries are also water-intensive, and more commonly require high-quality water. High BOD and COD are still top water quality concerns among UM countries, along with heavy metals. Sedimentation, nitrogen, and phosphorus are less common among the typical effluent of top industries in UM countries when compared to LM (Table A2 ). Pollutants that are present in contaminant-loaded surface water can also be transferred to groundwater through groundwater-surface water interaction [38] . Heavy groundwater pumping near polluted rivers can further induce the seepage of pollutants into groundwater.
Currently, surface water in LM countries is generally considered of good quality, although some deterioration has been observed in areas with urban and agricultural activity, particularly in the dry season [39] . Information on groundwater quality is limited to LM countries, although official testing by their respective national governments has found naturally occurring arsenic and other contaminants in groundwater. The quality of surface water in UM countries with available data was consistent with their income level, as 80% and 90% of rivers monitored in the upper-middle-income countries of Thailand and Malaysia received fair to good ratings for pollution, while 70% of rivers in Indonesia are considered polluted. The most common surface water quality issue in UM countries was a high organic matter primarily attributed to domestic sources, with industrial and then agricultural sources contributing to poor water quality. For example, Malaysia reported that 99% of industries complied with effluent standards, but Biological Oxygen Demand (BOD) and nitrogen levels in surface water have risen in the past decade, pointing to an increase in household wastewater. A high amount of heavy metals was reported in groundwater monitoring wells across almost all UM countries with groundwater monitoring data, while fecal coliform, nitrates, and salinity were also reported in exceedance of national standards in multiple UM countries.
Trends and Outlook on Urbanization
Urbanization across Southeast Asia has been attributed to businesses moving to urban areas for proximity to both customers and their input providers, which in turn drives migrants seeking employment to these urban areas [10] . Compared to LM countries, a greater percentage of the population of UM is urban, and the large urban areas of UM, in particular, have grown much faster in a span of 20 years as compared to LM ( Table 3 ). As the contribution of services to the economies of UM countries grows, as discussed previously, the urban population is expected to increase accordingly. By 2050, the majority of the population in UM countries is projected to be urban, with LM countries not far behind. As urbanization has increased in UM countries, income inequality, as measured by the Gini coefficient, has also increased in three out of 5 countries in UM (Table 3 ). Poverty is also generally lower in UM countries than in LM, although the percentage of people in poverty in Indonesia and the Philippines are similar to those in Cambodia and Laos.
The access of the population in the region to drinking water from improved sources is high, but UM countries, save for the Philippines and Indonesia, have more robust water infrastructure compared to LM countries, as seen by the access of the population to improved water sources and piped water (Table 4 ). Notably, access to improved and piped drinking water in the urban areas of LM is much closer to that of UM as compared to the rural areas of LM, which still lag noticeably behind the rural areas of UM. The gap between urban and rural drinking water in the same countries is also larger in LM countries than those in UM. 1 Improved sanitation refers to "sanitation facilities that hygienically separate human excreta from human contact" and can range from pit latrines with a slab to those with sewer connections. 2 Improved drinking water sources are "those that have the potential to deliver safe water by nature of their design and construction, and include: piped water, boreholes or tube wells, protected dug wells, protected springs, rainwater, and packaged or delivered water.".
Similar to the trend in water access, a greater part of the population of UM countries have access to improved sanitation sources as compared to LM countries (Table 4 ). In Cambodia and UM countries, except for Malaysia, septic tanks are the most common type of improved sanitation facility, with around 59-89% of the population able to access these [39] . For Myanmar and Laos, improved latrine systems are the most common, with 64.8 and 57.2% of their population respectively being able to access these. Sewer infrastructure is present only among a minority of the population, even in most UM countries, with the percentage of the population in UM countries with sewer connections being comparable to LM counterparts save for Malaysia.
Impact of Urbanization on Water Security
Domestic water for drinking in urban areas is most commonly sourced from surface water in Laos, Myanmar, and Malaysia [38] . In contrast, the majority of water users in Cambodia and UM countries aside from Malaysia depend on groundwater as their primary drinking water source, ranging from around 20% in urban and 50% in rural areas in Cambodia to at least 90% in both urban and rural areas in Indonesia [40] . Across the region, groundwater usage is prevalent among domestic users in rural areas. In LM countries, groundwater usage is rising due to demand from an increasing population, as well as seasonal demand during the summers [38] . The increased use of electrified water pumps for domestic use could also increase groundwater extraction rates [40] . The main quality issue for domestic groundwater is contamination from wastewater and leakage of on-site sanitation facilities. Other important quality issues are contamination from pesticides, industrial sources, and saline intrusion [40] . Some of the population have responded to these issues by tapping deeper levels of groundwater. Surface water pollution in the region has also been found to impact the groundwater quality significantly [41] .
Less than 15% of the population in UM countries (aside from Malaysia) and Cambodia are connected to a sewerage system. Even the affluent capital cities of UM countries are not completely covered by sewerage treatment systems, as for example, only 30% of sewage is treated in Hanoi and 50% in Bangkok [42] . Sewage treatment facilities are typically built at a national per capita GDP of $5000, which has not been yet reached by countries in the region other than Thailand and Malaysia but are now being planned and built in some cities in the regions which have a per capita GDP approaching $5000 [42] . Septic tanks, which are the predominant form of sanitation facility in most UM countries and Cambodia, generally require the initiative of private owners to empty, and according to surveys in Indonesia and Vietnam, 66 and 75% have never done so [43] . Substandard septic tanks and sanitation facilities lower than the level of septic tanks, such as improved pit latrines, can leach contaminants such as nitrogen, phosphorus, and disease-causing microbes into groundwater [44] . Pollution from household sanitation facilities can even affect the quality of water from wells used by the same household depending on proximity.
Trends and Outlook on Climate Change
Precipitation in Southeast Asia is dominated by the presence and absence of monsoons, with most countries in the region experiencing a distinct wet monsoon period during the boreal summer months of June-October and a dry period during the months of December-April, with May and November as transition months [45, 46] . Throughout the 20th and early 21st-century, precipitation trends in Southeast Asia have indicated an increase in intensity for both dry and wet periods, both low and high precipitation events increased in frequency [47] . Extreme wet and dry conditions during the wet monsoon period have also both increased [47] .
The boreal summer months, which see the strongest monsoon activity, also correspond to the months where tropical cyclones are most active. Out of the Southeast Asian countries, the Philippines and Vietnam are most affected by cyclones due to these countries' geographical locations [33] , directly facing the Pacific Ocean and the South China Sea, respectively. Vietnam receives up to 25% of its precipitation from cyclones during the wet season [48] , while the Philippines can receive up to 53% [49] .
The high frequency of cyclone events in the Philippines and Vietnam affects many people and is estimated to cause the highest total damage out of different hydrometeorological disasters that affect both countries (Table 5) . For the Philippines, in particular, cyclones are, without a doubt, the most impactful disaster, as they have the highest value in all four impact criteria considered over the period of 1998-2018. The high damage potential of cyclones is underscored by Laos and Myanmar, where although less than 10 cyclone disaster events were experienced in these two countries during the last twenty years, cyclones still affected the most people and caused the most damage both per event and in total. Counted among the cyclone events in Myanmar is Cyclone Nargis, which is the worst natural disaster in Myanmar's history, and the eighth deadliest cyclone worldwide as of 2009 [50] . In contrast, floods have the most significant impact in all other countries in the region, as seen in Table 5 . Over a span of the last twenty years, flood disaster events have been the most frequent disaster event in UM countries aside from the Philippines and Vietnam, as well as in Cambodia. In these countries and particularly in Thailand, floods have caused the most economic damage as compared to the cyclone disaster events that they experienced. Indonesia is also particularly affected by floods, as it has experienced the highest number of flood disaster events, with each event causing the second-highest amount of damage across the region. Flood disasters are much more frequent in UM countries rather than in LM countries, but floods are still the most frequently occurring disaster in the latter group.
Across the region, drought disaster events occur less often than floods or cyclones. Although there is a lack of data regarding the monetary damage caused by drought events, Vietnam, Cambodia, and Thailand are particularly affected by droughts in terms of either population affected or damage caused. Overall, the economic cost of natural disasters is substantial, ranging from 1 to almost 1% of GDP lost annually across both groups of countries [34] . Out of the UM countries, those currently most affected by natural disasters according to this metric are Vietnam, Thailand, and the Philippines, with 1-6% of GDP lost annually [34] . Out of the LM countries, Cambodia is an outlier, losing almost 7% of its GDP annually to disasters, while Myanmar and Lao PDR lose less than 2% [34] . On the whole, UM countries are currently more vulnerable than LM countries to disasters that could be intensified with climate change, especially in terms of exposure, but Laos and Cambodia in LM are still highly vulnerable to climate change due to their low adaptive capacity [52] .
Models indicate that the trend of more intense precipitation events during the wet season coupled with less intense precipitation during the dry season (as described in the previous section) will continue in the future for most of Southeast Asia [53] . There is significant spatial variation across the region, as precipitation changes are expected to be negligible in both dry and wet seasons in the LM countries and Thailand. Similarly, precipitation extremes related to the monsoon in Southeast Asia are also expected to be more intense [54] . However, models are inconclusive regarding future increases or decreases in the total amount of rain that the monsoon brings. Although it is likely that the frequency of cyclones will remain the same or decrease slightly, the Intergovernmental Panel on Climate Change (IPCC) has projected that the rainfall associated with the center of cyclones, as well as the wind in cyclones, will intensify [54] . Some researchers have then attributed the predicted overall increase in intense precipitation events during wet seasons across the region to stronger cyclones, particularly in coastal Vietnam [53] .
Other countries in Southeast Asia will be most affected by increased flooding [55] and streamflow seasonality. Although the mean annual streamflow across the region is not expected to change, models predict that streamflow will decrease during low flow periods and increase during high flow periods [56] . Thus, countries will be more at risk of droughts during dry seasons and floods during wet seasons. Taking the projected streamflow and changes in the precipitation together, the total water quantity in Southeast Asia is not expected to change drastically due to climate change, but the whole region will experience increased variability in the wet and dry seasons.
Impact of Climate Change on Water Security
Climate change is projected to affect water quality in Southeast Asia through an increase in water temperatures, a decrease in streamflow during low-flow periods, and an increase in risk from salinization due to storm surges and sea-level rise. The temperatures of inland water bodies in the region are expected to increase by 5 to 2.0 C by the end of this century [56] . Increasing water temperatures will result in more ideal conditions for the growth of algae and bacteria, decreasing the quality of water for all uses [57] . A decrease in streamflow during low flow periods will also decrease the dilution of pollutants, resulting in increased effluent loads, including heavy metals and agricultural byproducts. The intensification of disasters due to climate change is will likely aggravate the existing salinization of groundwater in coastal areas in the area through stronger storm surges caused by stronger cyclones [58] . A long-term effect of climate change on water quality in coastal areas is sea-level rise, which would again increase the salinity of groundwater reserves in coastal areas [54] . With worsening water quality due to an increase in water temperatures and a decrease in streamflow, users in all sectors will thus have to invest additional resources in water treatment for portability and to ensure that the temperature is suitable for commercial and industrial processes.
More pronounced seasonality of precipitation and streamflow across the region will result in water stress in terms of quantity during the dry season. A decrease of access to aboveground water sources will drive more users to tap groundwater, which has already been extracted extensively in major cities in Southeast Asia [59] . There would be increased demand for groundwater, especially during the dry summer season, and would particularly increase across currently developing cities. Access to water could also be affected due to damage to water infrastructure, first during the more intense wet season due to increased damage to water transportation networks because of stronger cyclones and increased flood risk [60] . Second, the damage sustained by water supply and storage networks during the more intense wet season could also limit water access during the dry season due to the need for repair and rehabilitation.
Discussion
UM: Focus on the Impact of Disasters on Water Security in Urban Areas
Immediate Impacts of Disasters on Water Security
A key point of focus of future water security in UM countries will be the impact of disasters on water resources, an area that not has been properly considered in disaster planning [61] . Going forward, the effect of flooding on water quality will have an increasingly greater impact on the water security of UM cities. Floods, the most common disaster event across UM, can carry pollutants, including agricultural and industrial chemicals, directly into both water sources and groundwater access points such as wells [62] . In urban areas, floods can damage sanitation infrastructure, which can cause the overflow of raw sewage, and therefore, further contamination of drinking water [63] . Septic tanks, the use of which is prevalent among UM countries, do not seem to be a major contributor to groundwater contamination during normal flood events [64] , but overflow has been observed during strong floods [65] . Existing industrial areas in UM that are located near urban areas could be possible sources of chemical contaminants as floods occur, and floodwaters wash through industrial areas and carry contaminants to rivers and into groundwater supplies. However, surface water quality in this context is only temporarily decreased by floods, as the quality of rivers contaminated by floodwater that has washed over pollutant-heavy floodplains returns to normal after around 30-40 h [66] . In growing UM cities that will experience more intense floods, disaster planning for the aftermath of floods should consider the immediate reduction of water quality, particularly as a result of damage to sanitation infrastructure.
Long-Term Impacts of Disasters on Water Security and Development
The combination of environmental and economic change will modify the context in which UM countries will address external shocks and stressors. As UM countries continue to transition towards a service-oriented economy, more people in rural areas will be drawn towards major cities, many of which are located in coastal areas. In these growing major cities, higher-intensity floods can decrease water quality for a longer period of time by damaging water treatment or access infrastructure. Prolonged flood events can also delay the start of infrastructure rehabilitation and repair. High-velocity flash floods can damage every part of the water supply systems, such as intakes, reservoirs, pumping equipment, and electrical installations [63] . With more intense floods, there is a larger chance of a long-term decrease in water quality through infrastructure damage. As a result, the expansion of piped water access in the cities of UM could be delayed, which will be more crucial as urbanization grows to respond to the rise of services. The slow expansion could particularly be seen in fringe areas where population growth is faster than in the urban center [67] . Out of all UM countries, the Philippines and Indonesia could be the most affected by delayed expansion, as the majority of the urban population in these two countries does not have access to piped water.
Floodwater and stormwater management should be important areas of focus for UM areas, particularly in urban areas, in order to avert the effects of disasters on water quality. Aside from the management of the actual floodwaters, the protection of drinking water access points and infrastructure from floods should be important parts of long-term urban water planning. For the private sector, financing climate change adaptation measures is considered a hurdle that is more likely to overcome if they can offset the costs to consumers or they receive subsidies for the costs of adaptation [68] . If the industrial sector is not able to prepare for more intense floods and does sustain repeated damage to their water storage and access infrastructure, economic development in that sector could be slowed as a high quality and quantity of water is needed to sustain many UM industries. Disruption in the production of goods could also affect the retail service sector, which relies on a regular schedule of production throughout the supply chain [68] .
UM: Additional Effect of Cyclones on the Philippines and Vietnam
Out of the UM countries, the Philippines and Vietnam will be the least water-secure as they are vulnerable to both frequent floods and cyclones, both of which are projected to increase in intensity. Destructive cyclones can lower water quality for a longer time as strong winds and torrential rain add to the damage potential of floods explained in the previous paragraph. For example, excessive coliform was still observed in groundwater months after an extremely strong typhoon hit the Philippines, and its presence was attributed mainly to the destruction of sanitation facilities [69] . Strong winds can damage both aboveground buildings housing water supply equipment and belowground infrastructure, such as water pipes through tree uprooting. Storm surges from cyclones have been shown to result in the salinization of both surface water and coastal aquifers, and in some cases, models predict that it might take years before infiltrating rainfall flushes infiltrated saltwater to surrounding water bodies [70, 71] . Major metropolitan areas in the Philippines and Vietnam that are located on coastlines already experience salinization due to massive groundwater pumping [72, 73] . With the increasing intensity of cyclones coupled with increasing migration to large coastal cities due to perceived employment opportunities in the services sector, the Philippines and Vietnam will have to deal with increased salinization from storm surges and an increased chance of human waste contamination due to sanitation infrastructure damage. This is in addition to the dynamic of decreasing water quality as a result of more intense floods present in all UM countries.
UM: Water Quantity Most Important during Dry Seasons
During dry seasons, water quantity issues will be paramount over water quality concerns for the UM. As the majority of the countries in the UM mostly depend on groundwater [38] , water users should not be overly affected by drops in water quality due to streamflow decreases during the dry season. Quantity issues, on the other hand, will surface in the dry seasons due to decreased precipitation and increasing domestic water demand. Surface water users in this group will be beset by water quantity issues in the dry season and water quality during the wet season. Floodwater and stormwater projects, aside from protecting current water resources, should also promote water treatment, reuse, and storage in preparation for the dry seasons.
LM: Overall Less Water Secure than UM, Water Quality More Important than Quantity in the Short-Term
Water security in LM will be lowest during dry seasons due to water quality and quantity pressure from the combination of climate change, economic development, and urbanization, coupled with high usage of surface water. Many extractive industries are still among the highest-value industries in LM, and industry effluent regulations are not yet as stringent in these countries as in UM countries. Surface water is utilized by around 90% of water users in Laos and Myanmar, as well as by the industry in Cambodia [38] . Thus, these users will be increasingly susceptible to the negative effects of industrial effluent as the industry becomes a bigger part of these countries' economies. In addition to a decrease in water quality due to an increasing industry effluent, climate change will also reduce water quality during the dry season through decreasing streamflow and higher water temperatures. Groundwater usage is projected to rise in LM due to a growing demand from the domestic and industrial sector, and especially during the dry season [38] . In addition to growing demand, decreasing water supply during dry seasons could further encourage the usage of groundwater. Increasing groundwater usage could introduce additional quality issues. First, pumping groundwater near polluted rivers could induce seepage of contaminants into groundwater. For example, massive groundwater pumping near Hanoi has increased the level of arsenic in the aquifer through drawing in river water, which has arsenic-loaded sediment [74] . Second, household groundwater wells could be contaminated by leakage of effluent from pit latrines and septic tanks, which are the most common forms of sanitation in LM, depending on proximity. Although the water in LM is considered abundant at present [38] , LM water withdrawals are expected to increase in the future due to rising household income and industrial expansion. As agriculture is still a major part of the economy of LM countries, water use may drop in the near-term as their economies start to transition towards services and industry. However, in the long term, it is predicted that water quantity stress will be felt primarily due to industrial and domestic water use rather than irrigation [75] . In the short-term, water quality rather than quantity issues could be more pressing for LM countries to address, as quantity shortages during the dry season can be filled through increasing groundwater usage.
Even though LM has less exposure to disaster events than UM, LM can still be affected by infrequent, high-damage disaster events, particularly cyclones in the case of Laos and Myanmar. As discussed in the previous section, cyclones can damage water infrastructure, and so have the potential to affect water security both immediately and for longer durations of time depending on the speed of repair of the infrastructure. Water infrastructure should, therefore, be constructed to withstand great damage, and urban water planning should include the effects of these disasters, as they are projected to intensify. In this case, damage to water infrastructure is sustained during these events, rehabilitation and repair could take longer in LM compared to UM countries due to their lower adaptive capacity.
As quality is the most important issue for LM, sanitation programs and regulation of industrial effluent should be emphasized in the near term, as well as continuing to improve water access and quality. High-quality water is required for the diversification of economies if LM is to follow the footsteps of UM, and similarly, UM industries are still water-intensive. Not addressing quality and quantity issues, especially during the dry season and not disaster-proofing water supply and sanitation infrastructure, could, therefore, slow LM's transition to the more diverse economies and bigger urban areas of the UM countries.
Conclusions
Southeast Asia is one of the world's most economically dynamic regions, as well as, one of the regions that are most vulnerable to the effects of climate change. The fast-growing cities in Southeast Asia have to simultaneously address different levels of water challenges, such as increasing access to drinking water and sanitation and planning for increased flooding, at lower income levels as compared to the experience of cities in the global North [59] . This paper uses the double exposure framework to reveal unequal water security outcomes as a result of multiple pressures, as well as changes in context as a result of these pressures. The region-wide scope of this paper adds to previous work on double exposures in urban Southeast Asia conducted at smaller scales [16] [17] [18] . In this paper, water quality emerges as the most important future water security concern for the whole region. Specifically, (1) more intense disasters, especially flooding, have the potential to decrease water quality in the UM countries of Indonesia, the Philippines, Vietnam, Malaysia, and Thailand immediately after the event, as well as for a longer period of time through infrastructure damage; (2) in UM, the Philippines and Vietnam will have the lowest future water security as they are both more vulnerable to cyclones, which have higher damage potential for water supply and sanitation infrastructure damage compared to other UM countries; and (3) in the LM countries of Cambodia, Myanmar, and Lao PDR, water quality will be the more important water security challenge in the short-term as opposed to water quantity due to large growth in industry and high surface water usage. Although less exposed to disaster events than UM, LM will still have lower future water security compared to UM as they have to build capacity to address water quantity and quality challenges, particularly in the dry season. Having to address these challenges may result in a long time of transition for LM countries to the more diversified economies and better water and sanitation access of UM. The importance of water quality in ensuring water security across Southeast Asia suggests that it should be a focus of future water-related development projects conducted in the region at all levels. The results of this review further suggest that building the robustness of water infrastructure to disaster events and planning for sanitation to cover expanding urban areas will be crucial to ensure future water security in terms of water quality across the region. These two actions will be salient for the sustainable development of both the region's emerging cities and its established mega metropolitan areas. 
Conflicts of Interest:
The authors declare no conflict of interest. Water input-intensive, used in furnaces, cooling, washing, and product isolation. From these uses, assumed that high-quality water is not needed.
Appendix A
Oil and grease, high BOD and COD, NH 3 -N, organic compounds, TDS, heavy metals, cyanide, acids,
VIE
Vehicles [120] [121] [122] [123] Used for washing and coloring, use freshwater that is further processed in the plant itself High BOD, COD, heavy metals, oil and grease, organic and inorganic pollutants (phosphate) IND Table A2 . Summary of water quality and quantity requirements and output by highest value and most polluting industries per country using data from Table A1 .
Country Water Quality Water Quantity
LM
CAM
Input: High-quality water is not needed for any main industry; potable or non-potable water can be used. Output: Sedimentation is most common quality output concern, along with high organic pollution (BOD and COD). Lesser scale: nitrogen, sulfates, heavy metals.
High amount of water needed in 3/5 top industries.
LAO
Input: High-quality water is not needed for any main industry; potable or non-potable water can be used with some processing. Output: Sedimentation is the most common quality output concern, along with high organic pollution (BOD and COD). Lesser scale: nitrogen, sulfates, phosphates, heavy metals, acidic water, oil and grease.
MYA
Input: High-quality water only needed for pharmaceutical industries, for others potable or non-potable water can be used with some processing. Output: Sedimentation is most common quality output concern, along with high organic pollution (BOD and COD) and nitrogen. Lesser scale: sulfates, phosphates, heavy metals, acidic water, oil and grease.
High amount of water needed in 2/5 top industries.
UM
IND
Input: High-quality water needed for only 1/5 industries, the rest can draw freshwater from sources and process in the plant. Output: Organic compounds contributing to high BOD and COD, heavy metals; Lesser scale: sedimentation. 
